We examined whether dialysis facility characteristics, neighborhood demographics, and region are associated with Centers for Medicare and Medicaid Services (CMS) dialysis facility quality measures in order to determine the most important targets for intervention.
I
n 2012, the Centers for Medicare and Medicaid Services (CMS) began mandatory pay-for-performance for dialysis facilities. For most patients with end-stage renal disease (ESRD), dialysis facilities serve as their primary interface with the medical system. Dialysis facilities are an important site for patient care and for potential interventions both at the patient and facility level.
Characteristics of dialysis facilities may be independently associated with clinical outcomes and mortality. [1] [2] [3] [4] [5] [6] For-profit facilities are associated with higher than recommended hematocrit and higher mortality. 1, 3, [7] [8] [9] [10] Dialysis adequacy also varies among facilities, even after adjusting for patient and facility characteristics. 5, 11 However, variation in dialysis facility outcomes is only partially explained by measured facility characteristics. 1, 4, 7, 12 In addition to facility-level variation, systematic differences in care across neighborhoods or regions may contribute to differences in quality of care in dialysis facilities. People likely dialyze near where they live, and African Americans and whites tend to live in separate neighborhoods. Dialysis facility neighborhood context (ie, urbanicity, poverty, and the proportion of African Americans) is associated with clinical outcomes and mortality. 3, 13, 14 In addition, practices and outcomes vary within the 18 ESRD Disease Networks, the regional entities responsible for organization, and quality improvement tasks for ESRD care. 15, 16 To date, neighborhood and regional variation in dialysis facility quality remains underexplored.
Determining if dialysis facility outcomes vary at the neighborhood or regional level has important clinical and policy significance. Although quality improvement efforts are important overall, focused quality improvement efforts in those units in greatest need can have a greater impact, whether by focusing on neighborhoods with particular demographics or low-performing ESRD networks. Therefore, we examined what dialysis facility, neighborhood, and region characteristics are associated with CMS quality measures of expected survival, dialysis adequacy, and proportion with targeted hemoglobin.
METHODS

Data
The CMS Dialysis Compare File (DFC), our primary data source, was linked to 2000 US Census data by facility zip code to obtain demographic information for the neighborhood where the facility is located. DFC contains information on facility outcomes for patient survival, dialysis adequacy, and proportion of patients with targeted hemoglobin for most CMS-certified dialysis facilities (5137 of 5616 facilities) for the period 2004 to 2007. 17, 18 In DFC, facilities' survival rates are designated as better than expected [standard mortality ratios (SMRs) <0.8)], as expected (0.8rSMRr1.2), or worse than expected (SMR > 1.2), which is calculated from a facility's actual patient survival rate divided by its expected patient survival rate based on national norms that account for patient age, sex, race, years of dialysis, and comorbidities. Dialysis adequacy was defined as the percent of Medicare patients in the facility with a urea reduction rate > 65. Achieving targeted hemoglobin was based on the percent of Medicare patients on erythropoietinstimulating agents whose hemoglobin was between 10 and 12 g/dL.
Outcomes and Covariates
Our 3 outcomes, based on CMS quality measures in Dialysis Facility Compare, were (1) worse than expected patient survival (SMR >1.2), (2) percent of patients in a facility achieving dialysis adequacy (urea reduction rate >65), and (3) percent of patients in a facility achieving targeted hemoglobin (10 < Hgb < 12 g/dL).
We examined dialysis facility, neighborhood, network, and region covariates. Facility covariates included profit status (for-profit vs. not), chain status (part of a chain, yes or no), chain type (chain 1, chain 2, vs. all other chains), facility size (number of dialysis chairs), and length of operation (y since CMS certification). Dialysis facility neighborhood-level characteristics include percent African American and percent of population below the Federal Poverty Level. Both percent African American and percent poverty were right-skewed, and were divided into quartiles to create categorical variables. We used the 18 ESRD networks as indicator variables, and in subsequent analyses collapsed them into 4 regional indicator variables-Northeast, Midwest, South, and West.
Analysis
We used linear and logistic regression to characterize the associations between dialysis facility quality and dialysis facility characteristics (profit status, size, length of operation, chain status, and chain type), neighborhood demographics (percent African American and percent of population below poverty by quartile), and network. First, we examined the bivariate association between each of our outcomes (worse than expected patient survival, dialysis adequacy, and targeted hemoglobin) and our covariates of interest (Appendix, Supplemental Digital Content 1, http://links.lww.com/MLR/ A428). For categorical variables, we used w 2 tests to assess for differences for categorical outcomes, and t tests and analysis of variance to assess for differences for linear outcomes. Next, we used logistic regression to examine the multivariate associations between worse than expected survival and facility, neighborhood, and regional covariates. Then we used multiple linear regression to examine the multivariate relationship between our linear outcomes, the proportion that achieved adequate dialysis and targeted hemoglobin, and our covariates. Variables were determined a priori and were sequentially added to the model to adjust first for facility characteristics, then neighborhood demographics, and then region. Interaction was assessed between neighborhood demographic variables (proportion African American and proportion below poverty). For all analyses, a 2-tailed significance level of P < 0.05 was used. All analyses were conducted using Stata, version 11.0 (Stata Corp, College Station, TX).
RESULTS
Facility Performance and Facility, Neighborhood, and Network Characteristics at Baseline and Across Quartiles of Neighborhood Percent African American
Of the 5616 CMS-certified dialysis facilities, the majority (82.3%) were for-profit (Table 1) . Of the 80.7% of dialysis facilities that were part of a chain, almost 60% belonged to 2 large national chains (29.0 and 29.8%, respectively); the rest belonged to smaller national or regional chains. Neighborhoods with a larger proportion of African Americans had a larger proportion of for-profit facilities, greater chain membership, larger facilities, and longer length of operation (P < 0.05, quartile 1-3 v 4). For facility outcomes, 10% of the facilities had worse than expected survival rates. Facilities averaged 95% of patients with adequate dialysis and 72% of patients with hemoglobin within targeted range. Facilities in neighborhoods with a larger proportion of African Americans had worse than expected survival and lower proportion with appropriate hemoglobin (P < 0.05, quartile 1-3 v 4).
Multivariate Association Between Facility Performance and Facility, Neighborhood, and Network Covariates
In adjusted analysis (Table 2) , worse than expected survival was associated with for-profit status (OR 3.7), increasing number of stations (OR 1.02), increasing length of operation (OR 1.02), increasing proportion of African Americans (OR 4.6, quartile 1 vs. quartile 4), and increasing proportion of poverty in the neighborhood (OR 2.1), all P < 0.05. Compared to ESRD network 18 (Southern CA), only network 13 (AR, LA, OK) was significantly associated with worse than expected survival (OR 3.6).
Increasing dialysis adequacy is associated with forprofit status (b = 2.1), being part of chain 2 (b = 1.9), and having a greater number of stations (b = 0.09), all P < 0.05. Compared with ESRD network 18, networks 6 (GA, NC, SC), 7 (FL), 14 (TX), and 16 (AK, ID, MT, OR, WA) had a higher proportion with adequate dialysis, whereas networks 10 and 17 (AS, HI, N. CA) were negatively associated with dialysis adequacy, all P < 0.05. Having a greater proportion of African Americans in the neighborhood was negatively associated with dialysis adequacy (b = À 1.4, Q1 vs. Q4), P < 0.05.
Achieving targeted hemoglobin is significantly positively associated with being part of chain 2 (b = 8.3), and negatively associated with chain 1 membership (b = À 9.6), all P < 0.05. In addition, dialysis facilities in neighborhoods with a greater proportion of African Americans (b = À 3.2, Q1 vs. Q4) and facilities in ESRD networks 3, 6, 8, 13, and 17 (b = À 5.7 to À 3.0) are also negatively associated with achieving targeted hemoglobin, all P < 0.05.
A separate analysis (not shown) collapsed the 18 ESRD networks into 4 regions. Compared with facilities in the Midwest, dialysis facilities in the South had worse than expected patient survival (OR 2.0) and were negatively associated with achieving targeted hemoglobin (b = À 2.9), all P < 0.05. Conversely, facilities in the South (b = 1.6) and Northeast (b = 1.3) had a higher proportion with adequate dialysis.
DISCUSSION
Having an increasing proportion of African Americans in the neighborhood is the only variable consistently associated with worse dialysis facility outcomes, even after controlling for neighborhood poverty. Neither ESRD network, region, nor dialysis facility characteristics such as profit status, size, length of operation, or being part of a chain have a consistent relationship across all 3 measures of dialysis facility quality.
Determining the level-facility, neighborhood, or region-at which quality varies has clinical and policy significance. We found that facility quality varies by facility type. For-profit facilities overall have worse patient survival, but are more likely to have patients with adequate dialysis. These findings are consistent with previous work on forprofit dialysis facilities and outcomes. 10, 15, [19] [20] [21] Facility performance also varied significantly by specific chain membership and facility size. The effect of chain membership and the results for specific chains have been understudied in the literature. 10, 19 Further work should determine what characteristics or processes within dialysis facilities lead to better quality outcomes, and if these processes can be brought to other facilities. In addition, we found that neighborhood and regional differences exist. Facilities located in the South had worse patient survival and were less likely to have patients with hemoglobin within the targeted range. Although quality improvement efforts are important overall, special efforts might focus on low-performing ESRD networks in the South. Most striking was the finding that increasing proportion of African Americans in the neighborhood was associated with worse performance across all 3 dialysis facility quality measures. Previous work found a similar association; however, that study did not control for neighborhood poverty. 3 In our analysis, proportion of African Americans in the neighborhood was associated with poor outcomes even after controlling for neighborhood poverty.
Our work supports literature that recognizes geographic variation in quality (ie, differences by neighborhood and region) as a contributor to racial disparities. [22] [23] [24] Differences in quality could lead to disparities in 2 distinct ways: racial minorities could be overrepresented in areas with an overall lower quality of care, or racial minorities could experience disparities in outcomes within a given geographic area. 22, 25 Our work supports that African Americans are overrepresented in dialysis facilities by neighborhood and region that have an overall lower quality. An important question, not answered by our current work, is why location in a predominately African American neighborhood consistently leads to lower quality. Further work examining individual outcomes within dialysis facilities is needed to examine whether interfacility racial differences also exist.
Our analyses have limitations. First, our study was observational and thus may be subject to ecological fallacy, that is, drawing conclusions for individuals based on group-level data. 26 For dialysis adequacy and anemia management, we only examined facility-level outcomes without adjusting for individual clinical or sociodemographic characteristics. Although facility outcomes are no doubt influenced by patient characteristics, CMS guidelines require all facilities to meet the same standards, regardless of their patient demographics. Second, our work shows that facility, neighborhood, and regional variation exists but does not explain why. Further work is needed to examine how staff attitudes and practices, patient characteristics, and facility-level processes vary by high performers and low performers as well as by facility type, neighborhood, and region. Finally, our measures of dialysis facility neighborhood context were limited to zip code tabulation areas. Zip codes contain a larger population and potentially greater socioeconomic heterogeneity than census tract or block group. However, dialysis facilities serve similarly large catchment areas and our outcomes may be more dependent on larger community infrastructure and resources, so these zip code tabulation areas still adequately measure social context. Previous studies suggest that zip code underestimates neighborhood effects, so our results would be biased towards the null. 27 Neither dialysis facility characteristics such as profit status, size, length of operation, or being part of a chain nor the region have a consistent relationship across all 3 measures of dialysis facility quality. Having an increasing proportion of African Americans in the neighborhood is consistently associated with worse dialysis facility outcomes, even after controlling for neighborhood poverty. Geography should not determine health. Given continued residential segregation by race and class and ongoing racial disparities in quality outcomes, additional work should focus on understanding and ameliorating the link between one's location and health outcomes. Quality improvement efforts, although important overall, are particularly needed in minority communities.
